Recruits 35 21 3850 3750 (Edholm et al. 1970) Elderly women 21 7 1950 2130 Elderly women 21 7 1890 1990 (Durnin etal. 1961) Elderly steel-workers 9 7 3220 3280 (Durnin 1961) ture from estimates of food intake can be reasonably accurate when applied to a group of subjects studied for a week or more. The word 'group' in this context requires definition, but it is difficult at present to do more than describe. Each of the groups included in Table 1 were relatively homogeneous, 3 comprising elderly subjects and 3 groups of young men. A possible implication of the apparent contrast between group and individual results is that there were large random errors in the estimates of individual food intake and energy expenditure and these errors cancelled out when a sufficient number of subjects were studied. This emphasizes the main technical problem, which is the difficulty of validating either estimate by some independent criterion. It might be thought that changes in body weight would be closely related to changes in calorie balance. However, recording of daily body weight has shown that there can be large daily fluctuations, which must be due to changes in total body water (Edholm 1961 ). It is difficult to continue with detailed measurements for periods longer than a week, and the trend of changes in body weight for such a short period may not be possible to calculate. It is certainly not feasible to use body weight as a sufficiently accurate independent criterion. It will be evident that when use is made of simpler methods for assessing food intake there will be even greater difficulties in predicting energy expenditure. However, the initial assumption mentioned, namely, that energy intake must balance energy expenditure, needs to be examined. It might be thought that even to question this assumption is to question the laws of thermodynamics, but this is not the intention. Rather it is to draw attention to some of the problems about calorie balance and the way in which man a,chieves such a balance. A number of investigators have shown that there is a wide individual variation in food intake amongst people engaged in apparently similar activities (Miller & Mumford 1967) . Part of the explanation is the difference between individuals in the energy costs of particular activities after due allowance has been made for body size. As yet not enough work has been done to measure energy expenditure in those with very high as compared with very low intakes. It seems unlikely that differences in absorption or excretion account for such individual variation (Southgate & Durnin 1970) . On the other hand, Ashworth et al. (1962) found that giving supplements of 1000 or 2000 kcal/day by gastric tube had either no or little effect on voluntary food intake and, even more surprising, resulted in only small increases of body weight. No estimates were made of energy expenditure but the medical students who acted as subjects were unaware of the size of the supplements (which included dummies) and reported that their usual pattern of activities remained more or less constant.
These findings imply the need for even more caution in attempting to predict energy expenditure from the measurement of food intake. Dr Dietary survey methods and the problems of studying energy balance in man have been reviewed by Miss Marr and Dr Edholm. I shall concentrate on two further problems: first, the extent to which diet is responsible for the causation of obesity and, secondly, the apparent ineffectiveness of a low calorie diet in the treatment of many obese patients.
Diet and the Causation ofObesity
The orthodox and widely held view is that stated with characteristic clarity by Davidson & Passmore (1969) : 'Since the immediate causes of obesity are over-eating and under-exercising, the remedies are available to all, but many patients require much help in using them.'
Whether one agrees with this dictum depends on how one interprets 'over-eating'. Obviously obese people have at some time eaten food in excess of their requirements, but the implication of the term 'over-eating' is that they have an abnormally high intake, but for this there is no evidence.
(1) Intake is very difficult to measure (see Edholm, p 641 ).
(2) Published surveys fail to show that fat people eat more than lean (Widdowson 1962 , Johnson et al. 1956 , McCarthy 1966 , Stefanik et al. 1959 ).
(3) Other things being equal, obesity would still occur even if no one over-ate, as the following example shows:
Consider 100 young men each weighing 70 kg and having identical body composition. Suppose that in the year 1984 individual liberty has regressed and that they are employed in a work camp and so supervised that their level of physical activity and of food intake is identical. Let us assume that at the start they all weigh exactly 70 kg and their daily energy requirement is 3000 kcal with a standard deviation of 300 kcal. Even the most highly regimented society will presumably be powerless to eliminate the 10 % individual variation in the energy cost of performing a given day's work (Harries et al. 1962 ). If it is decreed that each inmate shall eat exactly 3000 kcal per day, and if we assume for the moment that there is no adaptation to calorie excess and deficiency, then it is possible to calculate the distribution of body weights among these 100 men by the year 1989. Those men whose requirements are higher than 3000 kcal per day will lose weight in the five years interval. About 8 of the men will have a deficit of about 60 kcal per day, which amounts to 109 500 kcal in five years, so by 1989 they will have exhausted their entire body fat stores and be emaciated. Another 42 men will have an even greater energy deficit, and would theoretically have lost both fat and lean body, and only their skeletons would remain. At the other end of the distribution of energy requirements, those who need less than 3000 kcal per day will gain weight, and theoretically the individual with an energy requirement of only 2340 kcal per day would in five years accumulate so great a load of adipose tissue that by 1989 he would weigh 235 kg.
This example is not intended to represent what would in fact happen in a group of people with identical calorie intakes, but to illuistrate two points about the relationship of diet to obesity which are not generally appreciated. The first is that a fat person who insists that a lean friend has consistently eaten more than the fat person does, may well be telling the truth. The second point is that the mechanism which maintains energy balance in most human subjects is not at all understood. Certainly all attempts to demonstrate that normal people regulate their daily intake to their daily energy expenditure have failed, nor is there evidence that we regulate expenditure to match daily energy intake.
Diet in the Treatment ofObesity Whatever the prime cause of obesity, a low calorie diet is inevitably the basis for treatment. It seems well established that the proportion of protein, carbohydrate and fat in the low calorie diet is not important in influencing the rate of long-term weight loss (Hood et al. 1970) but it is, of course, necessary to ensure that the diet is not grossly deficient in vitamins, minerals and roughage if it is to maintain health over periods of many months. However, the results of dieting are generally disappointing, and Bray (1970) has shown that in most published series only 20-30 % of obese subjects lose as much as 10 kg, and only 5 % lose as much as 20 kg.
In some cases the failure of therapeutic dieting is explained by the inability of the patient to keep to the diet. Some patients admit that they consider the continual self-discipline too high a price to pay for weight loss, and this is, of course, a decision which they are entitled to make. Such people are often young and fit, and it is only when they have become older, fatter and more disabled that they reconsider their priorities. Sometimes obesity acquires the status of a weapon with which one member of a family seeks to gain attention from, or merely to infuriate, another. In my experience the very obese girl in her late teens is often subjected to tremendous pressure from an over-anxious mother. Such a girl may go to considerable lengths not to lose weight, since the mother would claim all the credit for any such achievement. To lose 20 kg of excess fat involves many months of self-denial, and this is a feat which is to be expected only of the most highly motivated.
The group of obese patients who are greatly in need of our understanding are those who keep to a calorie intake of perhaps 1000 kcal (4.2 MJ) per day, yet lose less than 1 kg per week. There is no doubt whatever that such people exist, and can be studied in a metabolic ward under conditions where 'cheating' is virtually impossible without being detected. Usually these are middle-aged women who have been perhaps 40 kg overweight, and who have already lost about 20 kg. If they are still disabled, often by osteoarthritis, they will vainly persist in trying to lose more weight, but with ever-diminishing success. They are often depressed, hypothermic, and have a low metabolic rate. Clinically they are euthyroid, and fasting levels of plasma thyroxine and thyroid-binding globulin are within the normal range. The nature of this metabolic adaptation to a low calorie diet is not known, but it is a phenomenon which has been known for over fifty years. Benedict et al. (1919) , in their study of underfed volunteers, noted a decrease in metabolic rate which was greater than could be explained by mere weight loss, and he also observed that apathy and mental depression were probably the most serious consequences of prolonged caloric restriction. Benedict's subjects were healthy college students who lost 10% of body weight after three months on an intake of about 1600 kcal (6.7 MJ) per day. We need to consider, therefore, if the depression which is so characteristic of some 'refractory' obese patients is due to the disease or the cure.
If it is established that an obese patient has an abnormally low oxygen consumption (less than 200 ml/minute) and consequently cannot lose weight at a reasonable rate on an intake of 800 kcal (3.5 MY) daily, it is rational to try to raise the metabolic rate to normal limits, but this procedure is not without hazard, especially in those who show signs of ischaemic heart disease. I do not think that thyroid preparations have any place in the treatment of the majority of obese patients, but in some well-documented patients who were 'hibernating' we have achieved worthwhile weight loss and symptomatic relief with tri-iodothyronine in doses up to 120 micrograms daily. On the other hand, fenfluramine does not appear to affect the metabolic rate or to facilitate weight loss in these patients (Garrow et al. 1972) .
Summary
Obesity is very common and epidemiologically important, partly in its own right as a disease, and partly because the attempt to lose weight is the major cause of bizarre dieting inr this country. However, our understanding of the underlying physiology is only rudimentary.
Diet and Arterial Disease
The urgent public health issue in considering associations between diet and arterial disease is whether we can promote measures likely to prevent the onset of clinical ischemic heart disease (IHD) in those so far free of it. This paper therefore deals only with primary and not with secondary prevention (the prevention of recurrence).
There are real dangers in recommending ineffective courses of action, not the least of which is that people may, once failure is apparent, be less inclined to adopt successful measures later on. Action must be based on objective information, and for this reason only the postulated role of dietary fats and cholesterol and of blood cholesterol levels in the onset of IHD will be considered these being the nutrients, the biochemical measure and the disease on which by far the most work has been done. Any reservations on the dietary fat hypothesis for IHD will probably apply more strongly to the postulated role of sugar or dietary fibre, for example, where the epidemiological and other evidence available is comparatively limited. This is not to deny the possible importance of these other dietary constituentsmerely to point out that knowledge about their effects in IHD is very incomplete.
The evidence for the associations between dietary fat intake, blood cholesterol levels and IHD has been reviewed by Meade & Chakrabarti (1972) . Briefly, while there is an association between fat intake and blood cholesterol levels on an inter-community basis, especially when these communities are at different stages of economic development (Keys 1970 ), there appears to be no such relationship when individuals within an economically developed group are studied (Adelson & Keys 1962 , Morris et al. 1963 
